Objective: Intervention with iron supplementation, deworming, and information, education and communication (IEC) to improve the haematological status among each of the three trimesters of pregnant women in a rural community. Design: A community-based study was carried out using a two-group pre ± post experimental design in a rural community. Setting: Two rural blocks in Vellore district were selected for the study. KV Kuppam block with a population of 120,000 and the adjacent Gudiyatham block with a population of 132,000 served as study and control areas for the study. Subjects: Using a multistage sampling, initially 50% of the panchayats, the local village administrative units, were randomly selected and all pregnant women were the subjects. In the pre-intervention survey 458 and 387 pregnant women had haemoglobin tested and the post-intervention survey covered 403 and 425 pregnant women in the study and control areas, respectively. Similarly serum ferritin was tested in a randomly selected subsample with 254 and 191 pregnant women before intervention and in 216 and 223 pregnant women after intervention in both study and control areas, respectively. Intervention: Iron supplementation and deworming were provided to all pregnant women in the study area from the fourth month of their pregnancy. An intensive information, education and communication was carried out with facts on anaemia and diet modi®cation to each pregnant woman, using a one-to-one approach in the community, and a group method in the mobile clinics. This was carried out for a period of 18 months. Results: A signi®cant decrease in the prevalence of anaemia was found, from 56.1% to 25.07% (P`0.001), 73.4% to 49.2% (P`0.001) and 68.8% to 56.8% (P`0.01) among women in the ®rst, second and third trimesters, respectively, in the intervention area. Signi®cant (P`0.001) increases in the mean haemoglobin of 0.85 gadl (95% CI 10.18 ± 10.84, 11.09 ± 11.63), 0.59 gadl (95% CI 9.98 ± 10.34, 10.55 ± 10.95) and 0.36 gadl (95% CI 9.93 ± 10.33, 10.25 ± 10.73) were also observed in each of the groups. Conclusion: A comprehensive community-based intervention with iron supplementation, helminthic treatment and increase in knowledge using IEC through effective strategies can improve the haematological status of pregnant women in each trimester.
Introduction
Anaemia in pregnancy is a worldwide problem, although more prevalent in the developing world. What makes this unique is the impact of the physiological changes due to the haemodilution during the second trimester of pregnancy. The Centre for Disease Control and Prevention (CDC, 1989) have suggested different values for anaemia among pregnant women in trimesters 1, 2 and 3, respectively, at 11.0, 10.5 and 11.0 gadl. The normal haemoglobin (Hb) concentration during the trimesters ranges from 11 ± 13 gadl in the ®rst, 10 ± 13 gadl in the second and 11 ± 14 gadl in the third trimester (Haram et al, 1997) .
A number of clinic-based trials with supplemented and non-treated groups who were followed up-to delivery are available to explain the effect on the haematological status in pregnancy in different gestational ages (Taylor & Lind, 1976; Lind, 1981; Taylor, 1982; Agarwal et al, 1991; Milman et al, 1995) . Community-based studies to understand the impact made on the prevalence and mean values of haemoglobin and serum ferritin (SF) concentration in each of the three trimesters are scanty. The available community-based trials (Atukorala et al, 1994 ) also focused and followed the same groups of women to see the effect of the supplementation. The present communitybased study attempts to understand the changes that could occur in the haematological status among the pregnant women in a rural community in three trimesters with the intervention of iron supplementation, helminthic control and other effective strategies through information, education and communication (IEC).
Methods
This was part of a multi-centre study in the control of anaemia in pregnancy. A community-based study with two group pre-post experimental study design was used. KV Kuppam block was used as a study area and the neighbouring Gudiyatham block as the control area.
A multistage sampling technique was used to select the required sample of pregnant woman. Fifty percent of the panchayats, the local village administrative units, from each block were selected in the ®rst stage and then all pregnant women were the subjects for the measurement of haemoglobin concentration. Fifty percent of the pregnant women's blood was selected using systematic sampling and sent for serum ferritin testing. The haemoglobin concentration was assesed by measuring anti-coagulated venous blood and was estimated by the cyanmethemoglobin method (International Committee for Standardization in Haematology, 1967 An intervention programme was carried out in KV Kuppam for about 18 months in 1997 ± 1998. It consisted of an intensive IEC programme to increase knowledge about anaemia. Iron supplementation was carried out using ferrous sulphate tablets containing 60 mg of elemental iron from the fourth month. Deworming was provided through 100 mg mebendazole tablets taken twice daily for 3 days. Both were provided after the fourth month of pregnancy.
A total of 117 family care volunteers (FCV), responsible for an average of 200 households each, were taught to usē ash cards (FC) on anaemia. The information on anaemia, the importance of iron supplementation and deworming, iron-rich foods, iron enhancers, iron inhibitors, etc were sequentially disseminated through FCs. The FCs were used by FCVs for one-to-one teaching in the community and rural community of®cers, health aides and nurses used it in the mobile clinic for group teaching. A video on anaemia was shown in all the villages during a mass gathering in the evening. Pamphlets with messages on anaemia were distributed to adolescent girls in the community and in the schools and pregnant women. Routine comprehensive antenatal care was provided through the regular weekly mobile clinics in the 18 peripheral service units (PSU) of the study block. The communication was clear on the iron tablets and mebendazole for deworming, the side effects and the importance of iron-rich foods while taking the tablets. In the Gudiyatham block there was no speci®c intervention except the usual prophylaxis programme of the government as also available in the KV Kuppam block.
Again, using the same sampling approach, 403 women in KV Kuppam and 425 pregnant women in Gudiyatham block were assessed for Hb, and 216 and 223 for SF in the respective blocks in June 1998. The data was entered using Foxplus Software Package and statistical analysis was done using Statistical Package for Social Sciences (SPSS), Software Package Version 5.1.
The entire research was approved by the Research Committee of the Christian Medical College, Vellore. Informed consent was obtained verbally from all respondents. They had the freedom to either participate or not participate in the study and also to withdraw from the study at any stage. In the total study, ®ve pregnant women refused to participate in the interview stage itself. Of those interviewed 33 women refused to give blood. Among those women from whom blood was drawn during pre-and post-intervention, those who were desirous of utilizing the delivery service of the institution were ensured subsidized care both at the secondary level and at the tertiary level when needed.
Results
There was no signi®cant difference in the prevalence of anaemia among women of different trimesters before intervention between the study and control areas. The impact made after the intervention in KV Kuppam block in the haemotological status was seen in a varied proportion among the different trimesters. The prevalence of anaemia (Hb`11 gadl) was reduced by 31.1% (P`0.001), 24.2% (P`0.001) and 12.0% (P`0.01), respectively, in the ®rst, second and third trimesters in women in the study area after the intervention. The difference in the prevalence of anaemia was lower by 21.7%, 27.2% (P`0.001) and 23.3% (P`0.001) in the ®rst, second and third trimesters, respectively, in the study area when compared with the control area after the intervention. However the prevalence among women of second and third trimesters in the control area was increased (Table 1) .
The difference in the mean Hb between study and control area in the baseline survey was not signi®cant. After the intervention the mean Hb was increased by 0.84 gadl (95% CI 11.09 ± 11.63, 9.93 ± 11.11), 0.90 gadl (95% CI 10.55 ± 10.95, 9.76 ± 9.94) and 0.64 gadl (95% CI 10.25 ± 10.73, 9.74 ± 9.96) in the study area compared with the control area in the ®rst, second and third trimesters, respectively. These increases were found to be statistically signi®cant (P`0.01, P`0.001 and P`0.001). The mean haemoglobin concentration increased by 0.85 gadl (95% CI 10.18 ± 10.84, 11.09 ± 11.63), 0.59 gadl (95% CI 9.98 ± Table 2 ). There was a shift in the mean Hb of pregnant women in the different gestational ages after the intervention in the study area, while it remained almost the same in the control area (Figures 1 and 2) . Iron de®ciency prevalence (SF`12 mgal) was brought down from 20.0% to 15.8%, 40.6% to 22.7% (P`0.01) and 42.2% to 33.7% in the ®rst, second and third trimesters, respectively, in the study area. When higher SF cut-offs were used, the prevalence of iron de®ciency was observed to have signi®cantly decreased during the second trimester with SF`15 mgal (P`0.001), SF`20 mgal (P`0.01) and SF`24 mgal (P`0.05) and a non-signi®cant decrease in the third trimester (Table 3) .
At the same period there was a slight increase in the prevalence of iron de®ciency with each SF cut-off in each trimester in women in the control area. The prevalence of iron de®ciency with SF`12 mgal and`15 mgal was less in the study group compared with the control group in the second trimester after the intervention and the difference was signi®cant (P`0.05 and P`0.01, respectively). However, with a higher cut-off of SF`20 and`24 mgal, even though the prevalence was less in the study area after intervention, it was not signi®cant.
An increase in the mean SF in the second and third trimester women in the study area and a decrease among the same group in the control area was observed. However, the increase was not signi®cant. The mean SF value was found to be higher in the study area than in the control area after intervention in each trimester, with the highest difference among the ®rst trimester women, followed by the second and third trimester women. When median SF was taken as the average, the above difference was seen in the ®rst and second trimesters (Table 4) .
Discussion
The impact of the intervention in the study area is observed with a signi®cant decrease in the prevalence of anaemia and iron de®ciency anaemia in the second trimester. In the control area there was a non-signi®cant increase in the prevalence of anaemia observed. There was also a signi®-cant increase in the mean values of Hb in all the three trimesters in the study area. However, in the ®rst and second trimesters it was even higher than that recommended by CDC (1989) .
An increase in the mean SF in the intervention area and a decrease in the control area again gives an indication of the possibility of improving iron stores among pregnant women in the second and third trimester. Lind (1981) observed from his longitudinal survey a decrease in the Hb concentration from 12.42 gadl in the 14th week to 11.42 gadl in the 28th, which gradually increased to 12.22 gadl in the 40th week among those supplemented with iron. In the control group with no iron supplementation the Hb concentration decreased gradually from 12.23 gadl in the 14th week to 11.05 gadl in the 40th week. A similar trend was also observed by Taylor (Taylor & Lind 1976; Taylor, 1982) . He observed that in the iron-supplemented group there was an initial decline in the Hb concentration until about 28 progressive weeks of gestation, but increasing until term. Atukorala et al (1994) also observed an identical trend among plantation workers of Sri Lanka only among those who took one iron and folic acid tablet daily. Their Hb at 32 ± 40 weeks was signi®-cantly (P`0.05) higher than at 14 ± 24 weeks of gestation. All the above studies had followed the same women and recorded the positive impact made due to iron supplementation. However, the present study showed a positive impact of haematological status made in the community among the second and third trimesters. There is hardly any study of this nature to make a comparison.
While SF`12 mgal is the accepted cut-off for iron de®ciency (Cook & Skikne, 1989) , different studies have used different cut-offs, such as`15,`20 and`24 mgal. Serum ferritin levels fell dramatically to below 20 mgal during the second and third trimester, even in women taking iron supplements (Bentley, 1985) . In this community-based study, although there was an increase in the mean SF level after intervention in each trimester, the SF mean was less with 24.08 and 25.47 mgal (median 22.4 and 18.2 mgal) in the second and third trimesters compared with 32.9 mgal (31.5 mgal, median) in the ®rst trimester, even after a intensive intervention of iron supplementation, helminthic treatment and knowledge increase.
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